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SYNOPPQB. 

Obeervationa at Dnbuque, Io-. at 7 a. m.. 90th meridian time, for 
June and July, for the 20-year period, 1901 to 1920, inclueive. are tabu- 
lsted with reference to the occurrence of precipitation within the fol- 
lowing 12 and 24 hours, and clsssified according to the following ele- 
menta: 

a. Height of barometer, reduced to ixa level. 
b. Change in height of barometer during past 13 hours. 
c. Change in temperature during past 24 hours. 
d. Amount of cloudhew. 
e. Relativ? humidity. 

A further c l d c a t i o n  according to (a )  wind direction, and ( b )  kind 
of cloude L based on a 30-year period for the four months, May to 
Auguust, inclusive. 

The results are shown in a series of tables and curves, based on the 
relation which the number of observations followed by rain within 13 
or 24 hours beam to the total number of obser~ationa within the ~WJUP.  
These tabla and curves sre intended tu show the more important 
relatiomhip existing between the data of the morning observation 
and the ram frequency d u m  the following 12 and 24 hours, and it iR 
~ 3 t . d  that a Series of sim$e claeeificstiOm, such as these. could be 

e at numerou~ stations throughout the United Stat-, and would 
furnish material of much value. 

Attention has frequently been called to the possi- 
bility of makmg use of local observational data as an 
aid to forecasting, and Bruno Rolf in Sweden has at- 
tained some nuccess in developin a formula to express 

d t h o u t  having seen more than a brief summary of 
his paper, the present study was begun as a preliminary 
attempt to devlae a practical and simple method of mak- 
h+g a statistical statement of the probability of rain from 
local conditions obtainin at the time of the regular 

Observations at 7 a. m., 90th meridian time, at Du- 

the robability of rain a8 deduce %; from local conditions.' 

morning observations oE t f e Weather Bureau. 

1901 to 1920, 

cording to the following elements : 

a. Height of barometer, reduced to sea level. 
b. Change in height of barometer during past 12 

c. Change in tempyature during past 24 hours. 
d. Amount of cloudmess. 
c. Relative humidity. 

- horn. 

1 E. E. W-, Mo. Wm'nmB mv., Mm.. SaO. 4 6  154-158. 

The results are depicted in a series of curves, showing 
the relation, expressed as a percentage, which the numb- 
of observations followed b rain in 12 or 24 hours beam 

A total of 1,217 observations is listed, but the number 
fallin under extreme conditions is small, so that only 

upon a sufficient number of observations to eliminate in 
a fair degree the effects of chance. But these are the 
most important, of course, not onl because of their 

casts are more doubtful under these ordinary conditiom 
than under extreme conditions. 

The total probability of rain in 12 hours under al1 con- 
ditions is 0.3 1. The '. All observations " curve in figure 1 
shows that when the barometer is under 29.75 inches thh 
rises to 0.62, and when the barometer is over 30.25 it 
falls to 0.06. When the barometer is 

to the total number of o g servations within the group. 

the t P wee or four central points of the curves are b d  

much more frequent occurrence but a T so because the fore- 

bility is increased by about 10 
barometer is high, and then it seems 
with falling than with rising pressure. 
ing observation shows a cloudy sky as well as .a f 
baromet'er the chances of rain in 12 hours are increis 
by from 20 to 40 points, and range from 83 er cent 
a low barometer to 33 per cent with a high i arometer. 

cating the change in 12 hours, and f 3.l ing and rising tem- 

metric reading at the morning 7 o servation was Y o ~ d  to 

when the sky is c f oudy, t R e barometer falling, and the 

risin% tion o 5 ds for all groups with the barometer f elow30.05, 

I use the terms fdlmg and risin barometer as hdi- 

perature for the 24-hour ch . The aver e ba re  

be 0.055 inch higher than at the evening observation. 
This was taken as the value of the diurnal change, and a 
rise of 0.05 inch or lesswasclassed as a falling barometer. 

With increasing subdivision the results become more 
doubtful, but the reatest robability of rain is indicated 

tem erature also falling. Fifteen observations under these 
conc!itions with the barometer between 29.75 and 29.85 
gave rain in 93 per cent of the cases, while 24 observations 
under the same conditions except that the temperature wea 

ave a percentage of 62. The same eneral rela- 

but when the pressure rises above that oint the position 
of the lines is reversed, and it seems morepikelp to rain with 

I can not say whether or not these 
rmu risY ts are conslstent with the experience of forecasters. 

temperature. 

CORRl OENDA. 

h the Annual hdex to the MONTEILY WEATHEB REVIEW for 1920, the following corrigenda were inadvertantly omitted: 
Februsry REVIEW, back cover, data for Januar l9zO. 
May REVIEW, back cover, data for March and 1' ri l ,  1920. 
Auguat REVIEW, back cover, data for May and &ly, 1920. 
November REVIEW, back cover, data for October, 1920. 
6168S21-1 183 
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-‘€he least probability of rain is also connected with 
Paltinp temperature, but accompanied by clear weather 

barometer, as shown by the lowest curve in 
-re “da*?i 1. nder these conditions for all barometric read- 
ings above 30 inches it has rained in less than 5 per cent 
of the cases, and for readings above 30.20 inches it has 
never rained. 
Figure 2, giving the same analysis for rain in 24 hours, 

shows ractically identical relations, with all percentages 
somew E at higher, of course, but not higher with reference 
to the total probability of rain, which is here 0.46 instead 
of 0.31. 

of rain when the fall 

is increased 

In the foregoing discussion two important observational 
h t e  af€ecting the probability of r a m  have not been con- 
sidered. These are wind direction and kind of clouds. 
Because of the increased subdivision made necessary by 
the consideration of these factors, it seemed best to tabu- 
late a larger number of observations, and, accordingly, 
the morning observations were listed for May, June, July, 
and August from July, 1889, to Au st, 1920, inclusive, 

A total of about 3,500 observations 

Table 3 gives separatel for four barometric levels, and 

observations with clear, partly cloudy and cloud sky for 

rain in 12 and in 24 hours, the “expected number,” and 
the ercentage which the number with rain bears to the 
tot8number. Table 4 is the same except that cloud 
clessification is substituted for wind direction. 

except 1895 and a portion of 1894, P uring which observa- 

was tiODs tabulated mt the reaults shown in Tables 3 and 4. 

for falling ,and rising g arometer, the iotal number of 

each of eight wind directions, also the number fol r owed by 

The “expected numbm”’ is the number to be ex yY on the assumption that the raidall is independen6 0 .  wmd 
direction, or of kind of clouds. It is obtained by appor- 
tioning the total number of observations with ram to the 
different wind directions or cloud forms in the ratio whch 
the number of observations in that group bears to the 
total number of observations. An example wiU make this 
clear. In Table 3 with barometer 29.94 or under and 
falling, the total number of observations is 707 the num- 
ber with rain in 12 hours is 395, and the totai from the 
north is 34. The “expected number” is then obtained 
from the equation 

34 : 707 = x  : 395, from which z= 19.0 

A comparison of the “ expected number” with the actual 
number of rainy da s, 14 in this case, shows at a glance 
whether the wsnd iirection or cloud form is wetter or 
drier than the average. An ‘ I  expected number” greater 
than the recorded number means that rains are less fre- 
quent than the average, as with the north wind, in this 
example, which is a d 

We may note in Tab e 3 that with the barometer under 
29.94 and falling, it will rain within 12 hours in 56 er 
cent of the cases, and within 24 hours in 69 per cent; %ut 
under the same barometric conditions and with an east 
wind and a cloudy sky at the morning observation, it will 
rain within 12 hours SS per cent of the time, and within 24 
hours 95 per cent. This is the case in which there is the 
greatest probability of rain, but under similar conditions 
with a northeast wind the robability is nearly as great. 

, out of 143 observations in which the wind was 
nort risinf , northeast, or east and the sky clear, it has never 
rained within 12 hours, and only 17 times, 12 er cent, 

could be made without the aid of a weather map. Other 
cases are intermediate, of course, but used in connection 
with the weather map will give some indication of the 

are shown grapkcally in figure 7, and we see that with a 
falling barometer the winds which are the best indicators 
of ram are northeast, east, southeast, and south, east 
showing the greatest ercentage. When the barometer is 

ability of rain; even with a west wind rain is as pro able 
as with +st’Sbd southeast. 

Figure’’$ Sves a similar summary representation of 
Table 4. The first fact noted will be that the stratified 
clouds, escept cirro-stratus, are the best indicators of 
rain, the percentage varyin inversely with the he‘ ht, 

alto-stratus. h e n  the barometer is rising alto-cumulus 
displaces alto-stratus for third position, but with falling 
barometer it drops distinct1 lower. When the barometer 

12-hour period, but high for the 24-hour period. Hence, 
when cirro-cumuli are observed with a f 
at the morning observation, one can say t at it very 
probably will not rain during the day, but very probably 
will rain during the following night. In the case of cirro- 
stratus with rising pressure the curves for 12-hour and 
24-hour rain frequency show a similar, thou h less 
pronounced, divergence of trend. The absence o I morn- 

7 wind. 

On the other hand, with & e barometer over 30.15 and 

within 24 hours. In these two cases dehite P orecash 

ability of showers. 
pPb The percentawes of totals given at the bottom of Table 3 

rising, south and sout 7l west wmds show the greatest ’ rob- 

i. e., decreasin in the or d er, stratus, strato-cum 3 us, 

is falling, cirro-cumulus couds 9 
9 bmmeter 

K 

rank very low for the 

Chapm?~, E. E., Quart. Jmu. Roy. Mdl. ~ o c . ,  1914, Mi 84Q. 
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douds.k the beet iu&cation that there will be no 
ram, but it .is by no means a certain indication, and with 
a low barometer there will be showers within 12 hours 

presence of cumulus 
in amounts of from 

greatly to the proba- 
bilit of rain. The number of dense fogs recorded is 
ma6, but only when the barometer is low do they seem 
to offer any indication of rain. These are a few of the 

RP/N W/ZHIN /2 HOURS 
% Z3.M 23.15 J0.M JO.I.7 

In this study I have attempted to show thecmom 
important relationships existing du the summer. 
months in northeastern Iowa between Y t e data of f,he 

of rain during 
E%%wing 12 and 24 hours. In tzese months the 
precipitation is mostly in the form of thundershowers, 
and the correlation of rainfall with other elementa is 
probably less marked than in the winter months. No 
attempt has been made to combine all the observed 

observation and the frequenc 

F I ~ .  9.-Relstion between pressure, bametric tendency, wind direction, and subsequent M a l l  at Dubuque. Iowa. 

facta indicated by the tables and figures. A detailed 
study will reveal many others. 

E'inally, figure 9 represents in a manner similar to 
figure 1, the percentage of rain frequency associated 
wltb certain wmd directions when the skg is overcast by 
stratus or strato-cumulus clouds. We note here in 
curves €3 and B' and E and E' that when the barometer 
is between 29.95 and 30.14 and the wind southeast ct 
south, there is a greater tendenc to rain with a nsing 
than with a falling barometer. J urves B' and E', how- 
ever, are based on a small number of cases, and-hence are 
subject to some doubt. A complete presentatlon of the 
details of Tables 3 and 4 would require 480 curves of this 
kind but many points in these curves would be based on 
too few observations to be significant. 

conditions into a single mathematics, expression for 
calculating directly the actual probability at  any given 
time. It is a complex matter, and any formula of .value 
would need to rest upon more than a single sena of 
observations at one station. It is thought, however, 
that a series of simple, nonmathematical classifications, 
such as I have attem ted, could be easily made at numer- 
ous stations throu out the United States, and would 

recepts of general, or at least wide, ap lication co d 
!e deduced. It is not assumed that suc results would 
displace synoptic charts in forecasting, but that the 
would furnish valuable aid to the forecaster, and especd  
1 to the local official in making definite forecasts for 
e 31 ort periods in advance. 

d 
I! 

furnish material o f much value, from which, possibl , 
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All observutiis: 
Total number of 0bse.rvatbn.u ........ 
Numberwithraln 12houn .......... 
Numbex with rain %hours .......... 
Total ....................................... 

Percentage of t o d  ................... 
Percentage of totd ................... 

C h r :  
.............................. ............ L ................. ............................. ................................. 

....................................... 
Rain l2houra .............................. 
perdu e ................................ 
P&tage ................................. 
+om ....................................... 
Rain, 12 hours .............................. 
Rain 24 ours .............................. 
Perdntage ................................. 
Total ................................. 
Rain 13hours ........................ 
Rain 2.4 ours ....................... 

Total ................................. 
Rain 12hours ....................... 

Percentage ........................... 
To& ................................. 
Rain 12hours ........................ 
Rain 24 ours ....................... 

Rain aiurs  .............................. 

Percenty ................................. 

P - n t y  ........................... 

Rah, %%ours ........................ 

Perdntar. .......................... 

Clear temperature rising: 

Cloudy: 

........................... Pm'ntage 

Pei&t e ........................... 
Cloudy, temperature falling: 

Cloudy temperature rising: 

P-tage ........................... 
FotJ ................................. Tern rature rising: 

........................ .......................... ........................ ........................... 
.............................. 

Rain 12hours ....................... 
Ram2.40Urs ...................... P e p h t y  ..... ~ ...................... 
Perchage ........................... 
Gal.-. ................................... 

&tal ................................. 

T o t J  ................................ 

. Totd ..................................... 

Tem ature above normal: 
Rain, 12 hours ............................. 

Peresntage ................................ 
Percent e ................................ 
Rain, %%ours .............................. 

Tem emture below norma . 
........................ .......................... ........................ 

Percent8 ge ........................... 
Rain 12hours ........................ 
Rsiu 24 ours ....................... 

Humldit above 87 per eent: 

p&ty ........................... 
p-t e ........................... 
Raln, 12hours ............................. 

Humidit l%nvsSpercent: 

P ~ n t  ................................. 
Rain, % ours ............................. 
Percents@ ................................ 

TIS- 1 . 4  umnw rainfall at Dubuquc. Iotw. . QI rdatcd to height o 
Qoronz&aanddksrfaetotr baaelion0 at 7 a . m., 90 d 
wddian h. for Jvne 4 Julvfot the= to 1920. inelurivc- 
Tdcrl number of obaavdronr . 1.617 . 
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Total .................................... 7 4 %  

Nllmber ................................... 2 0 1 
Expected number.. ............................... 
Percent ......................................... 5 

Number ................................... 2 2 1 
Exps%ednumber. ................................ 
Percant ......................................... 4 
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2 %  
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Total .................................... 
Number ................................... 
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Total .................................... 
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Expected number.. 
pacsnt 
Number ................................... 
Expected numk. .  
Percent 

adn in lhm:  

Numtmr 

Numkr 
R h i n Q l  bean: 

Tot& 

NE. 

BAROMETEB FALLINQ. 
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TABGE 3.-Summar rainfall at Dubuque, Iowa, aa dated to wind direction, stat# of w e u h ,  barometric ?u?ight, and bmom'i6ric tmdanq. B d  oh 

obsmatiolps at 7 a. m., ninetieth mm'dkan tima, fof May, JUM, July, and August, for the years 1889 to 1920, inelusive, accpt 1894 a d  1896- 
Continued. 
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liotd ................................. 
Nnmber ................................ 
Percent ......................................... 
Nuinber ................................ 
Expeetednumber ............................ 

I*rln in 12 hours: 
Erpectednumber ............................... 

Rain b 24 hours: 

Peresnt, ...... ~ . . . r  .......................... 

12 15 18 45 1 2 7 1 

4 2 9 15 0 1 2  
14.5 ......... 3. 
33... ...... 3 

5 210 17 0 1 3 
...22. 7 ......... 5. 

38 ......... 4 ... 
BAROM- 29.95 k! 30.04 INCHES 

(REDUCSD TO e LEVEL). 

Total.; .......... L .................... 
Number ................................ 

cant ................................ 
Number: .............................. 
EIpscted nlimm .............................. 
Percent ................................ 

R8in In 12 hours: 
gzpt.s number., .......................... 

Bain in !a4 hours: 

Peieent ........... 

27 14 a0 61 11 4 a0 I 

2 2 9 13 0 0 10 I ... 14 8 ......... 8. 
1 ... 4s 21 ...... !w 2 

4 5 11 a0 1 1 11 I 
-22. 4 ......... 12. 

15 ... 55 33 ...... 55 3 

Total ................................ 
Number ................................ 
Expected number.. ............................. 
Per-t ................................ ' 

Number ................................ 

Rain iq 12 hours: 

RsininYhOnrs: 

Expected numb er... ........................... 
Per a t  ................................ 

E. 

41 11 19 71 33 10 15 8 

4 2 4 1 0 2 2 8 1  
126 ......... 10. 

IO.-- ... I4 6 ...... 2 

6 4 5 15 4 5 11 2 
-21.5 ......... 1% 

15 ...... 21 I2 ...... 3 

Total ................................ 
Rain in 12 hours: ...................... ............................... 
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21.5 ......... 1% 
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Total ................................. 
Number ............................... 
Expected number. .............................. 
Percent ............................... 
Number ................................ 
Expected numb ex... 
Percent ................................ 

Rain in 12 hours: 

Rain in 24 hours: 
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Total .......................................... 
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Pereent ................................. 
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9 3 8 2L 3 4 10 1 
23.9 ......... 19. 
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TABLE 4.-Suvnmr rainfall at D u h p a ,  Iowa, as related to kird mui m c n t  of cloudine8s, and io barometric Wht and barometric ,!m&my-Bourd 
on obaervlrtions at 7 a. m., 90th mmidiun time, for May, June, July, and August, for the yeara 1889 to 1920, me1E18iZIel except 1894 and 1896. 

BAROMETER FALLINQ. 

1 Ci. I Ci.St. I ci.cu. I St.Cu. 1 cu. 1 st 

.Total ...................... 11 1 0 

Number ..................... I I I I  2 1 0 
Rain in 12 hours: 

Expected number. ............. I. ..... 
Per cent .............................. 

aeinin24hnus. I I I I  ..................... ~~~~~ ~~ 

Number 
Expected number.. 
Per cent. ................... 

W Y I F E R  30.15 INCEES AND 
OVEB (BEDUCED TO SEA 
LEVEL). 

......... 
30 ......... 50..  

... 

119 28s ......... 40 .. 
40 92 ......... 11 .. 

Expected number. a . 0  108 0 ......... 16.1 .. 
Percent w... 34 ......... 28 .. 

63 ,.. 147 .. 
-67.5 152.0 .. 

53 55 62.. 

Rain in I hours: 

-_  -- 

2846 9 1 1  

17 34 57 1 ..... 45.0.. 
59 74 63 3 

is% ~ j l :  ..... S . Y . .  
6b 83 71 4 

18 m 57 P 

611 % '  ...... 20.8. .  ... 

l3 35 

5 71 11 ...... 10.7 .. ...... 40.. 

8 9 IIi ...... 17.0 .. ...... 57 .. 

l2I 

1 6 10 

1 2  3 '  ...... 3.0.. ...... 30.. 

1 3  5 ...... 4.6.. ._. _ _ _  50 _ _  
...... 193 .. 
...... 1M .. . _ _ _ _ _  77.8.. ...... 53 .. 
...... 125 .. ...... 109.4 .. ...... 6 5 . .  

---- 

--- 

9 7 7 m  

. 4.5 38.1 ....... 
56 21 49 

7 34 614 
5.8 4r.7 ....... 
78 44 U 

5 ie 961 

I ,  
3 8 2 m  

0 11 196 
1.1 a0 ....... 
0 13 37 

0 1 1 9  288 
1.e O B 5 4  44.0 ....... 

3 8 a w  
0 12 1lM 

0 14 31 

1.5 M.2 ....... 

a9 25.3 ....... 
o zs le7 

188 

67 ....... 
0 

171 mi 1,W 

6 48 752 
6.8 '1185 ....... n IS I( 

7 90 1,056. 
R 7  186.7 ....... 
41 31 57 
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TABLa 4.4unmer &@all at Dubuque,~Iorw, a8 related to 'find and amount of cIoudiness. and to baromstic height and baramtic i m & n q - B d  

on obaervcrtions at 7 a. m., 90th mcridurn time, for May, June, July, and Auguat, for the yeurs 1889 to 1920, inclusive, accpt 1894 and 1896- 
Continued. 

BAROMETER RISING. 

I a. I ci.st. 

BAEOMETEB a.H INCHES 
AND UNDEB (BEDUCED To 
EA LEVEL). 

Total ................. 18 4 0 23 30 23 4 5 
Number ................ 4 1 0  5 6 5 2  I! 
Expeetednumber ............... 6.7 ......... 17., 
Percent ......................... 23 17 22 _._, 2 

Number ................ 9 2 0 11 13 8 3 !Z 
Erpeeteb'number ............... 10.6 ......... n. . 
Percent ......................... 50 43 35 .... 4 

Bsln in 12 hours: 

I 
Rain In 24 hours: 

~ o t a l  ................. aa 4 1 ~ 5 3 m  4 8 

Number ................ 6 0  0 610 7 0 1 
Expected number.. ............. 7.8 ......... Xi. 
pacent ................ 21 ...... 18 19 xi ... a 
Number ............... 
Expected number.. 
Parcant ................ 

INCHEII (BEDUCED TO SEA 
LBPEL). 

Rain in 12 hours: 

Rain in 24 hours: 

BABOMEl'EB 30.m To 30.14 

Total ................. 38 4 0 42 52 42 3 0 

Number ................ 7 0 0  7 8 7 0  Expectednumber 1, ............... 7.2 ......... 16. 
Pmcant ................ 18 ...... I7 15 I7 ... I 
Number ................ 13 0 0 13 15 21 1 S 

Rain in 12 hours: 

Ralnfn24hWIS: 

Expected number.. ............. 129 , _ _ -  ...... 29. 
Percent ................ 34... ... 31 29 50. . .  3 

BALOYETEB 30.15 INCEU 
m O ~ B  (RZDUCED rn 
=A LEVEL). 

Total ................. 45 8 0 53 58 40 3 10 

Number ................ 1 0 0  1 4 6 2  1 

Percent ................ 2 ...... 2' 7 I5 ... I 

Number ................ 9 2 0 111 15 10 2 2 

Percent ................ m... :::In2 211 26 u... 2 

Rain in 12 hours: 

Expectednumber ............... 5 7  .......... io. 

Expected number.. .......... ......... 2s. 
R d n i n 2 4 h a u r S :  

Totda: 

....... ......... 
........ ...... 
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d '  
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3 8 10 33 51 
5.2... ...... a5.7 
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